In this study, the dynamical results of the model by obtaining the steady states existing in the host-parasitoid model were given. Also, some results relating to steady states of the model by depending the parameter made from biological assumptions were obtained.
Introduction
Stability analysis which examines the dynamics of the populations plays an important role in population dynamics. For local asymptotic stability, solutions must approach a steady state under initial conditions close to the steady state. In global asymptotic stability, solutions must approach a steady state under all initial conditions. Since a globally attractive equilibrium point is locally attractive, a globally asymptotically stable steady state is locally asymptotically stable. It is well known that the Allee effect plays an important role in the stability analysis of the steady states of a population dynamic model (see, for instance, [4, 8, 9] ). The Allee effect, first introduced by Allee [8] , represents a negative density dependence when the population growth rate is reduced at low population size. It may be due to a number of sources including difficulties in finding mates, inbreeding depression, food exploitation, predator avoidance of defense, and social dysfunction at small population sizes. In recent years, the studies on stability of population model with different forms derived from biological facts have attracted many mathematicians [3, 4, 5, 6, 7, 9] . Many ecological models consisting interspecific interactions are generated by differential and difference equations. Especially, the discretetime ecological form with non-overlapping populations are better formulated than continuous-time form. The host-parasitoid models are one of such forms which are studied intensively in the last few decades. One of the earliest applications of discrete-time models including host-parasitoid interaction was obtained by Nicholson and Bailey who applied it to the parasitoid Encarsia formosa and the host Trialeurodes vaporariorum in 1935 [1, 2] . Parasitoids are parasites which lay their eggs to host larvae and pupae. Hosts escaping parasitism increase their generation. The searching efficiency of parasitoid increases the number of the parasitized host. The successful parasitized hosts die, but the eggs laid by the parasites can survive for future generations. The general host-parasitoid model proposed by Nicholson-Bailey is presented in the following form
where r and e are positive parameters. This model assumes as follows: N t is the density of host species in generation t;
Email address: akgumus@adiyaman.edu.tr, (Ö. Ak Gümüş), bekirnasa@gmail.com, (B. S. Bilgi) P t is the density of parasitoid species in generation t; r is the number of eggs laid by a host that survive through the larvae, pupae and adult stages; e is the number of eggs laid by parasitoid on a single host that survive through larvae, pupae, adult stages; c is the searching efficiency. Also, e −cP t is a fraction of hosts that are not parasitized according to number of encounters under the law of mass action and Poisson distribution. In this paper, we will investigate the dynamics of a host-parasitoid interaction connected to Pennycuick growth form [10] with different modifications as follows:
Here, H t is the host population at time t; P t is the parasitoid population at time t. The growth rate of the host population in the absence of the parasitoid,
1+ae bHt , is associated with the Pennycuick function comes from Pennycuick et al [10] . The aim of this study is to find steady states of the model (1) with and without Allee effect and immigration parameter; and is to investigate the locally asymptotically stability of these steady states. This paper is regulated as: In Section II, we investigated the steady states of the model (1) , and analyzed the locally asymptotically stability of the model (1) . In Section III, the steady states of host parasitoid model (1) was examined with immigration parameter. Also, the locally asymptotically stability of this points was investigated. Section IV gives the locally asymptotically stability of the steady states of the host-parasitoid model (1) with Allee effect. Finally, the conclusion is presented.
Steady states of the model (1)
In this section, we will obtain the steady states of model (1) by using H t = H t+1 = H * and P t = P t+1 = P * as follows:
Then, we have the following theorem. Proof. It is clearly seen that (0, 0) is a steady state for model (1) . Let's take H * = 0 and P * = 0. Then we have
by from (2) . So, we can see that Eq.(3) is provided for H * = 1. Then (1, 0) is steady state of the model (1) . Now, we must show that the model (1) has the steady state (H * , P * ) such that H * = 0 and P * = 0. If the first equality in (2) is considered, we can write
If the following inequality is provided
then P * > 0 in Eq. (5) . We obtain 0 < H * < 1
by from inequality (6) . If we combine Eq.(4) with the second equation of (2), then we get
If P * is written in the first equation in (2), then we obtain
Let's write the following function by using the right side of (8) 
Since (1,0) is a steady state of the model (1), we can easily see that x = 1 is a solution of the Eq.(8). By considering (7), let's investigate some other points providing Eq.(8) apart from x = 1. In this way, if the derivation of the function f (x) is calculated, we get
is obtained. Let the function in the right side in Eq.
1+ae b > 0, this critical point is a local maximum for f (x). From this and by considering inequality (7), f · (1) < 0 must be provided. If this inequality is solved, we get the condition c > 1. 
Stability analysis of model (1)
In this section, we will investigate the locally asymptotically stability conditions of the steady states of (1). (1) is considered, then we can write
Firstly, let' s consider c ≤ 1. If the Jacobian matrix of model (1) is created in the neighborhood of (0, 0), then we have
The eigenvalues of J (0,0) are σ 1 = 1 + ae b and σ 2 = 0. So, (0, 0) is locally asymptotically stable if |σ 1 | < 1 and |σ 2 | < 1 (10) hold. Since ae b > 0, one of the inequalities in (10) is not provided. Namely, the steady state (0, 0) is not locally asymptotically stable. (b)-Similarly, if the Jacobian matrix of model (1) is created in the neighborhood of (1, 0), then we have
From this (1, 0), is locally asymptotically stable if
hold. We know that c > 0. If the (11) is solved, we obtain
Since abe b > 0 is always true, (1, 0) is locally asymptotically stable under the condition (c)-Finally, let' s consider that c > 1. The entries of the Jacobian matrix which is evaluated in the neighborhood of (H * , P * ) can be written as follows: respectively. If the following inequality (see [2] )
is provided, then (H * , P * ) is locally asymptotically stable. By using the inequality (13), we get that (H * , P * ) is locally asymptotically stable if
such that c > 1. 
Steady states of the model (1) with immigration parameter
We will investigate the steady states of the model subject to the parameter β into host population in the model (1) . Then, the general discrete-time host-population model is
Here, β ∈ (1, ∞) is a diffusive force which called as immigration ( [3, 4] ). Now, let's examine the steady states of the model (16). From H t = H t+1 = H * 1 and P t = P t+1 = P * 1 , we can write
Then, we have the following theorem. Proof. It is clearly seen that there is not the steady state (0, 0). Since β ∈ (1, ∞); it must be H * 1 = 0. Let's take H * 1 = 0 and P * 1 = 0. Then we can write
from Eq.(17). Let's define the following the function such that H * 1 = x, 
Eq.(20) has not an interaction point. Also, we can seen that g(x) = ∞ as x → ∞. Since the function g(x) is increasing, Eq.(18) has an interaction point H * 1 . Now, let's investigate other points (H * 1 , P * 1 ) of the model (16) such that H * 1 = 0 and P * 1 = 0. If the first equality in (16) is considered, we can write
then P * 1 > 0 in (22) . Also, we have
from inequality (23). If we combine (21) with the second equation of (16), then we obtain
If P * 1 is written in the first equation in the model (16), then we obtain
If the previous similar operations are done, it is seen that Eq.(24) has an interaction point. Let's write the following function by using the right side (24) 
Stability analysis of model (1) with immigration parameter
In this section, we will investigate the locally asymptotically stability conditions of steady states of (16). If the model (16) is considered, we can write
Then, we have the following theorem. Proof. (a)-On the assumption, (H * 1 , 0) is unique steady state of the model (16). If the Jacobian matrix, evaluated in the neighborhood of (H * 1 , 0), is written, we get We know that H * 1 > 1 from Theorem 5 and c > 0. If the last inequalities are clearly written, we have the following inequalities
(b)-On the assumption, we must consider that the conditions (25) are not provided. Then, we can investigate locally asymptotic stability conditions for (H * 1 , P * 1 ). The locally asymptotic stability conditions founded for the steady state (H * , P * ) of the model (1) are also applied to stability of the steady state (H * 1 , P * 1 ). So, if the conditions (14) are re-written for (H * 1 , P * 1 ), then we get as follows: 
The stability analysis of model (1) with Allee effect
We will investigate the steady states of the model by including the Allee effect α(H t ) into host population in the model (1) . Then, the general discrete-time host-population model is as follows:
where α * = (1 + ae b )/α such that α : α(H t ) > 0. Therefore, it is clear that the model (1) and the model (28) have the same steady states.
The following assumptions on the Allee function α are derived from biological facts: (i) If there are no partners, there is no reproduction. Mathematically speaking, the Allee function is zero when the population density is zero.
(ii) Allee effect increases as density increases. Mathematically speaking, the derivatives of the Allee function are always positive for all positive values.
(iii) Allee effect disappear at high densities. Namely, limit of the Allee function approaches to 1 as the population size increases. Proof. The entries of the Jacobian matrix associated with the model (28) are given as follows:
The Jacobian matrix of the model (28) about the steady state (1, 0) is Note that (0, 0) is locally asymptotically stable steady state in every situation.
Corollary 4.2. The model (1) with and without Allee effect have the same steady states. As the steady state (1, 0) and (H * , P * ) become unstable with Allee effect, the steady state (0, 0) becomes locally asymptotically stable. So, (0, 0) is unique locally asymptotically stable steady state in the model (1) which subject to Allee effect.
Conclusion
In this paper, we investigated the steady states of the model (1) with and without immigration parameter and Allee effect. Also, we examined the locally asymptotically stability of steady states of this models. So, we have reached some dynamical consequences which give conditions on stability of the steady states.
